Objectives: No consensus exists on the assessment of airway in CBCT scans. Two-dimensional measures remain the standard in the cephalometric analysis. This research aimed to evaluate linear and area measurements in two-dimensional views from specific airway regions of interest and compare these to the correspondent volume in CBCT exams. Materials and Methods: 250-selected CBCT scans were retrospectively analyzed. A trained and calibrated examiner performed the linear, area and volume measurements in specific sites for nasal cavity, nasopharynx and oropharynx compartments. Dolphin Software was used for the analysis. The correlations were performed using Pearson coefficient. Results: The highest positive correlations were observed in the nasopharynx and oropharynx sagittal areas and the most constricted area in the oropharynx. Nasopharynx linear measures and nasopharynx coronal area did not present correlation with whole volume. Two-dimensional measurements in the soft palate (width and sagittal area) showed very low positive correlations. Although nasal cavity presented highest volume means, changes in oropharynx contributed more to variations in total volume, compared with the other two sections. Conclusion: Airway sagittal areas, as well as the most constricted axial area in oropharynx remains a useful guide to correlate with airway volume in two-dimensional images.
Introduction
The obstruction of airway space can alter normal breathing, which can have a significant impact on the development and stability of craniofacial structures (1) . Since airway space disorders can affect the patient condition and could influence orthodontic outcomes, the diagnosis, and treatment needs dentists' attention and should be reported by the radiologist. Therefore, a diagnostic method that provides accurate data is a valuable tool in digital imaging science.
Cephalometric analyses are usually the diagnostic instrument in Orthodontics (2) (3) (4) . Although the conventional lateral cephalogram was reported to be inexpensive, and simple to perform, this two-dimensional imaging modality seems to have limitations (5, 6) , especially to represent three-dimensional structures. The development of cone-beam computed tomography (CBCT) allowed a detailed multiplanar analysis of the dentomaxillofacial complex (7) (8) (9) . Some studies suggested limitations of a 2D-airway analysis, such as Lenza et al. (10) , which evaluated 34 patients and showed a weak correlation (r < 0.8) between most of the 2D and 3D measurements. patients, Alsufyani concludes that there is insufficient literature to the use of CBCT to assess treatment outcomes and high-quality evidence level studies are needed to determine if CBCT airway dimensional changes are suitable for assessment of treatment outcome (11) . Nevertheless, when a CBCT is taken, the accuracy and reliability of craniofacial measurements were shown to be better, compared to 2D lateral cephalograms (7, 8, (12) (13) (14) (15) (16) , even though sometimes clinically inconsiderable.
According to SEDENTEXCT (17) , CBCT scans should not be appointed as a routine method in orthodontic patients, but should still be used on particular indications. Regarding airway evaluation, there is still no consensus whether the airway volume calculated on CBCT images gives a better indication of the airway function compared to measurements performed on two-dimensional images (6, 11, 13, 17) , Therefore, this research aims to evaluate linear and area measurements in two-dimensional views from specific airway regions of interest and compare these to the correspondent volume in CBCT exams, suggesting 2D surrogate measurements for the 3D volume analysis.
Methods
The Ethics Research Committee approved the project (number 25300). This investigation is a retrospective study, so all patients were scanned according to standard clinical indications. The sample size was estimated considering an intermediate correlation (0.4), α error of 0.05 and β of 0.2 (a power test of 80%), and a dropout of 10%, totaling 267 scans. The CBCT scans were randomly collected from the Oral Radiology Section database. The inclusion criteria were CBCT scans acquired with the same exposure protocols (i-CAT device [ because FOV did not cover whole upper airway, comprising a total of 250 (138 female, 112 male, mean age of 50.6) evaluated.
CBCT image sequences were exported in DICOM format and opened on the same computer (Intel core i7 3GHz processor, LG Flatron E2250 display, 21 inches, 32 bits) using Dolphin software version 13.8 (Dolphin Imaging & Management Solutions; Chatsworth, California). The measurements were made by a trained and calibrated examiner (LSM) under the same viewing conditions in a room with reduced light. The calibration process was performed by two examiners (LSM and MBV), starting with a training and discussion about the standardization, airway tool sensitivity, and measurements. Next, 25 scans were randomly selected from the database, and each examiner completed all measurements twice, with an interval of two weeks. Intra-and inter-examiner intraclass correlation coefficient was calculated, and values >0.9 were achieved for all evaluated measurements. The reproducibility Table 1 . Anatomical borders of the upper airway, as well as the multiplanar measurements evaluated in this study. ANS, anterior nasal spine; PNS, posterior nasal spine.
Standard head position
Coronal plane: right and left infraorbital foramen parallel to the ground Sagittal plane: palatal plane (ANS-PNS) parallel to the ground Axial plane: palatal plane (ANS-PNS) vertical line, perpendicular to the ground Nasal cavity
Anterior limit: ANS line through up to nasal bone (in coronal plane reported as nasal cavity coronal area) Posterior limit: PNS line through up to skull basis Nasopharynx Anterior limit: ≅posterior limit of the nasal cavity (in coronal plane reported as nasopharynx coronal area) Inferior limit: PNS line extended to the pharynx's posterior wall, correspondent to nasopharynx linear measure (in axial plane reported as nasopharynx axial area) Oropharynx
Superior limit: ≅inferior limit of the nasopharynx Inferior limit: horizontal line through the superior point of the epiglottis, correspondent to oropharynx linear measure (in axial plane reported as oropharynx axial area) was guaranteed repeating these same scans during the study analysis. Before the measurements, the patient's skull was oriented according to the anatomical planes. The contrast of the images was adjusted by the examiner to better fit soft tissue visualization. Subsequently, the 'airway space' tool was accessed and the borders of the nasal cavity, nasopharynx, and oropharynx were defined. The airway sensitivity was established according to the examiner visual choice, aiming that only airspace was included, and then the volume was calculated. For the sagittal area in nasopharynx and oropharynx, the values were collected in the midsagittal plane (based on anterior and posterior nasal spine) and for axial and coronal planes in particular points explained in Figure 1 and 2. The limits of the nasal cavity, nasopharynx, and oropharynx are described in Table 1. SPSS software (version 17.0; SPSS, Chicago, Illinois) was used for data analysis. Differences between gender for linear, area, and volume measurements were checked using Student's t-test (P < 0.05). The Pearson correlation coefficient (r) was used to evaluate linear relationship degree among linear, area, and volume values from CBCT scans. This coefficient ranges from −1 to +1 and values close to 0 (zero) means that there is no linear relationship, the value of +1 indicates a perfect linear relationship and the value −1 also indicates a perfect inverse linear relationship. Scores closer to +1 or −1 suggest a stronger association between the variables. The levels of statistical significance were P <0.05. Multiple linear regression was performed using the area measurements that have had greater correlation with the volumes. Table 2 shows the mean values for linear, area, and volume measurements from upper airway regarding gender. Nasal cavity (NC) and Table 3 . Pearson correlation coefficient for the measurements analyzed on multiplanar and 3-dimensional reconstructions (n = 250). N, nasopharynx; NC, nasal cavity; O, oropharynx. Gender 1 = male and 2 = female. Table 3 indicates the correlation between linear and area findings with corresponding volume measurements through different multiplanar reconstructions and three-dimensional images. In general, the measurements studied presented positive correlation. The highest positive correlations could be observed in both oropharynx and nasopharynx sagittal areas and their respective volume (range from 0.734 to 0.893), as well in the most constricted area in the oropharynx (0.899 and 0.811 for male and female, respectively). 2D measures in soft palate did not exhibit correlation with volume; however, they presented some correlation with age. On this issue, nasopharynx coronal and sagittal area presented positive correlations with age, as well as NC and N volume. Oropharynx sagittal area, for male, presented negative correlation with age.
Results
The linear regression model showed that, regardless of gender and age, an increment of one mm 2 in the nasopharynx sagittal area indicates 18.41 mm 3 increased in the nasopharynx volume (R 2 = 57.84%). In the same way, 1 mm 2 increased in the oropharynx sagittal area means 30.05 mm 3 in the volume of the oropharynx (R 2 = 78.83%). For the most constricted area, an increase of 1 mm 2 represents 64.43 mm 3 extra in the whole volume (R 2 = 50.54%; Table 4 ).
Discussion
This research evaluated multiplanar CBCT scans and its performance in the analysis of the airway region. Several studies proposed to assess the airway space using CBCT scans (18) (19) (20) (21) (22) . CBCT acquisition protocols and software segmentation may interfere on the volume measurements (15). Weissheimer and colleagues (23) compared the precision and accuracy of six imaging software for measuring upper airway volumes in CBCT and concluded that all programs were reliable but had errors in the volume segmentations of the oropharynx. Some advantages of Dolphin Software were highlighted by the authors: user friendly, quick upper airway segmentation, good segmentation sensitivity, segmentation can be checked in 2D slices, and minimal cross-sectional area analysis. On the other hand, de Water et al. (24) suggest that the airway analysis tool of Dolphin 3D is not accurate or reliable enough to be used for airway evaluation in osteotomy evaluation. In fact, as commented by the previous authors (23), Dolphin 3D software uses a threshold sensitivity value tool to determine the airway space, which is examiner-dependent, and should be further evaluated. This limitation was overcome in the present study by trained and calibrated examiner. A study investigating linear and area measurements performed on CBCT images compared to lateral cephalograms showed a positive correlation to the respective areas in the axial plane (21) . The results of this study corroborate the previous findings and also exhibited positive correlation values for volumes in the nasopharynx (19) and oropharynx sagittal areas. Moreover, the most constricted area in the oropharynx, that means the narrowest air passage, proved to be an important measurement when correlating with airway volume. Cephalometric radiographs have been widely used for airway assessment, providing sufficient information for patient's initial diagnosis (25, 26) . Considering the similarity between two-dimensional sagittal view and a lateral radiograph, the present study corroborates this information, and possibly the sagittal area remains as the most applicable measure correlated with the airway volume. On the other hand, linear measurements showed moderate correlation with the volume.
The length, width, and area of soft palate were also analyzed, since it could play a role in the final airway volume calculation. Shigeta et al. (27) evaluating OSA and control subjects concluded that OSA patients had a longer soft palate in proportion to their oropharyngeal airway. This study did not show correlation between the soft palate dimensions in sagittal view and the airway volume, suggesting that soft tissue boundaries are not suitable to predict changes in airway volumes. On the other hand, it was observed correlation with age, suggesting that an increase of age means an expansion in borders of soft palate. As expected by the growth, age influenced nasopharynx coronal and sagittal areas, as well as the nasal cavity and nasopharynx volumes (28) .
The breathing is a dynamic process while the CBCT is a static exam. Consequently, some attentions regarding airway-imaging evaluation have to be addressed (29) . Some authors claim that changing body position may influence the results (29-32) and consequently the data understanding, especially for OSA diagnosis. During the CBCT acquisitions of the present study, the patients were positioned sited, resulting in an upright representation of the airway space. Camacho et al. (31) , evaluating OSA patients, found that the airway space reduction ranged from 32.3 to 75.9% when patients were in a supine position compared with an upright position and this may be an important issue for OSA patients' evaluation. However, even this study did not have clinical information about the patients and the results maintain an important application for general CBCT exams assessment since the proposal was to evaluate the improvement with this analysis for the airway. In this view, the sagittal and the most constricted area in oropharynx seems to remain the most important measurement to understand the oropharynx collapses.
CBCT scans have been introduced for orthodontic patients, but excluding selected clinical conditions, up to now there is no substantial evidence indicating CBCT scans to general orthodontic patients (16, 17, 33) . The results of this study corroborate the literature findings and support the use of 2D images (in this study the midsagittal CBCT slice) instead of taking CBCT scans for airway assessment. Sagittal areas measured on 2D images remain as a useful guide about the corresponding airway volume, which could also be achieved with a two-dimensional image. If the CBCT scan is available, the most constricted area showed substantial correlation with the airway volume. However, more studies evaluating different groups of breathing or apnea patients should be performed to analyze the CBCT efficacy for diagnosis thinking and therapeutic processes.
Conclusion
Nasopharynx and oropharynx sagittal areas, as well as the most constricted axial area in oropharynx are the most 2D-correlated measurements to the volume when evaluating upper airway measurements.
